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Quantum condensation of an interacting fermion or boson gas is formulated with the help of the method of the quasi-expectation value 1 . A convenient version of this method was, for the boson gas, given recently by the author 2 > 3 . It is adapted to the fermion case in Section 1 of the present paper.
This method leads to the introduction of new building blocks into a diagramatic perturbation analysis, ^he new elements disappear again when, in the end >f the calculation, quasi-expectation values are obtained by a limiting procedure. But they may still leave a trace. This is quantum condensation.
As shown in I, quantum condensation of the interacting boson gas cannot occur in a finite system and even not if the thermodynamic limit is formed with respect to one or two space dimensions only. These considerations are, with the same results, repeated for the fermion case in Section 2 to 4 of the present paper.
Quantum condensation of the interacting fermion gas essentially consists in the formation of a condensate of particle pairs. This physical aspect is obscured in the conventional formulation of the condensa ion problem as given in Section 1. Therefore, a reformulation is developed in Section 2. The interaction between two particles is emphasized in this alternative formulation. It is subsequently shown in Section 3 that a certain class of diagrams, essentially representing the propagation of two interacting particles, would not exist if quantum condensation occurred in a finite system. Since the irreducible self-energy parts are immediately derived from this class of diagrams, quantum condensation of the interacting fermion gas cannot occur in a finite system. As finally pointed out in Section 4, quantum condensation does still not occur if the thermodynamic limit is formed with respect to one or two space dimensions only provided that a certain assumption about the spectrum of an eigenvalue equation is true. That quantum condensation of the fermion gas does not occur in strictly one or two-dimensional systems (with no spatial extension in other dimensions) was shown earlier by HOHEN-
All this is quite analogous to the analysis given and the results obtained in I. Some formulae are more lengthy and complicated in the present fermion case. Some details will, therefore, be suppressed whenever this seems appropriate. Especially in Section 4 the detailled arguments would practically be the same as in I. Also the statement on the possible physical meaning of the results given in the introduction of I could be repeated word by word.
One difference between the boson and the fermion case deserves special mentioning. In the boson case, the singularity preventing quantum condensation in a finite system appeared in the one-particle propagator. It turned up already in a low order approximation, e.g., the Bogoljubov approximation.
In the fermion case, the singularity occurs primarily in an object of less direct physical meaning.
Though the singularity is in principle also noticable in the normal and anomalous self-energy part, it does not turn up as long as the self-energy parts are approximated by a finite number of skeleton graphs.
Quasi-Expectation Value and Quantum Condensation
The system under discussion is a gas of identical spin-one-half fermions contained in a finite volume.
The particle annihilation and creation operators are denoted by tp<x{r) and y£(r), respectively, a is a spin subscript for which occasionally the explicit symbols f (up) and j (down) will be used. The annihilation and creation operators satisfy the customary anti-commutation relations and vanish on the surface. For a local and spin independent interaction it is and vanishes when the first spatial argument is situated on the surface.
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A similar formulation may be applied to the bo-. ü ,, i r jx u xi son case. This alternative to the formulation preEig. 1. Building blocks ot a diagramatic perturbation analr ysis.
sented in I is pointed out in Appendix 1.
Normal and anomalous one-particle propagators, G(r,r' ;iz) and F(r,r';iz), are now introduced by <«^>a {r, -ir)rp*(r', -ir')y = davj 2 G {r,r'; iz) exp [i z (r' -r)],
The expectation values are formed with respect to the grand canonical ensemble determined by -E is the normal irreducible self-energy part (i.e. the sum over all irreducible self-energy graphs with one ingoing and one outgoing particle line). -A is the corresponding anomalous irreducible self-energy part.
The reversal of arrows in the anomalous self-energy part is a consequence of the introduction of the operator (1.2).
Equations ( The problem of quantum condensation may now be formulated in the following way: does there exist a common solution of the Eqs. (1.7) and (1.8) with the anomalous propagator and the anomalous selfenergy part not vanishing identically even for £o (r, r') -> 0 ? This formulation is very convenient for practical calculations. It is, however, not suitable for answering the questions to be studied in this paper.
The reason is that physics of quantum condensation of an interacting fermion gas, i.e., the formation of a condensate of pairs, is not exhibited in the above self-energy-like formulation. Therefore, an alternative formulation will be developed in the subsequent section.
Alternative Formulation: Interacting Particles
The second Eq. where -JH and -7~" denote irreducible particle-particle interactions. Some contributions to -r are shown in Figure 3a . The diagram given in Figure 3 b is not irreducible but is a repetition of a diagram shown in Figure 3a . No diagrams with erossing particle lines (Figure 3c ) or with returning particle lines (Figure 3d ) are admitted to the set -T. Similar statements hold for -T'.
<-t-< <r\< <f-< Fig. 3 . a) Contributions to the irreducible particle-particle interaction-/^. The diagrams b) to d) are excluded because they are either reducible or contain crossing or returning particle lines.
The proof of Eq. (2.1) is based upon the following simple observation. In the particle line connecting the two open ends of any contribution to -A, the number of F* pieces always exceeds by one, the number of F pieces. E.g., it is o = But in contributions to -27, the numbers of F* pieces and of F pieces are always equal. Consequently it is where the boxes again stand for irreducible interactions. Equation (2.2) will be used in Section 3.
Applying the rules for the translation of graphs we obtain A (r, r';» z) = Co (r, r') -j 2 J [(r, r'-iz | i z"; r"\ r") F* (r", r'"; i z") + (r, r'-iz\r\ iz" ; r'", r") F (r", r'"; i z")} dV dV" 
Propagation of Interacting Particles
We denote the direction of arrows on the left and right end. The key is given in Table 1 . It is explicitly assumed that the total flow from right to left, of the variable z, is equal to zero.
The matrix R obeys an inhomogeneous integral equation whose kernel is essentially given by irreducible particle-particle interactions (cf. Figure 3a) . It is convenient to remove the particle lines on the left side of R with the help of Gorkov's Equations (1.7). This procedure is similar to the transition from Eq. (2.5) (and from similar equations not written down explicitly) to Eq. (2.7). In this way an integro-differential equation is obtained which, in a matrix notation, may be written as Jf is an appropriate normalization factor which will be of relevance only in Section 4. The boundary condition satisfied by uo{r,r' ;iz;k) is again the usual one. Strictly speaking, also Eq. (2.2), together with the complex conjugate of this and a few other equations, was used for the derivation of Equation (3.3).
{Q + T)R = I.
No direct conclusion may be drawn from a comparison of Eqs. (3.3) and (3.1) since Q + r is not a Hermitian matrix. In order to produce a Hermitian matrix we define a matrix, IJ, by its matrix elements (r, r';iz;k\n\ l;iz"; r"\ r") = ekd (r -r") 6 (r' -r'") ß <5Z_2-dki. IT{Q + r)u0 = 0 . The general solution does, however, not exist.
Normal and anomalous self-energy parts may be calculated from R in a straightforward manner. The proof of this assertion is postponed to Appendix 3 in order not to interrupt the flow of arguments. The self-energy parts do not exist if R does not exist. Consequently, also normal and anomalous one-particle propagator do not exist in this case. We conclude that quantum condensation of the interacting fermion gas does not occur in a finite system. Only if the thermodynamic limit is done prior to the limit Co (r, r') ->-0.
quantum condensation could possibly occur.
Thermodynamic Limit and Dimensionality
Let the volume of the system still be finite. An exponential £ dependence of the centre-of-mass coordinate may be split off from the eigenfunctions un.
Therefore, we replace
where P is the £ component of the total momentum. The periodic boundary conditions select discrete values of P. Also the first factor on the righthand side of Eq. (4.4) satisfies a periodic boundary condition, It is now explicitly assumed that there are no neighbouring eigenvalues to Aop so that this eigenvalue does not merge into a continuum for L -> oo. For n -0 the P summation in Eq. (4.3) is replaced by an integration in the limit L -> oo. This integral does, however, not converge as a consequence of Equation (4.7). It does also not converge if the thermodynamic limit is formed with respect to two space dimensions.
But the P integral may converge if the thermo-dynamic limit is formed with respect to all three space dimensions.
The above assumption on the behaviour of the spectrum Xnp in the limit L -> oo seems plausible to the author. It shall be discussed in detail at a later occasion. But a rigorous proof cannot be presented.
That quantum condensation of the interacting fermion gas does not occur in strictly one and twodimensional systems was shown earlier by HOHENBERG 4 .
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Appendix 1. Boson Case Reconsidered
An alternative formulation of the method of the quasi-expectation value is obtained if Eq. 
